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SUMMARY 

A new model i s  p resented  which p e r m i t s  t h e  p r e d i c t i o n  o f  t h e  resonant  
f requenc ies  c rea ted  by a n t i p o d a l  f i n l i n e  waveguide t o  m i c r o s t r i p  t r a n s i t i o n s .  
The t r a n s i t i o n  i s  modeled as a tapered t r a n s m i s s i o n  l i n e  i n  s e r i e s  w i t h  an 

UJ i n f i n i t e  s e t  o f  coupled resonant  c i r c u i t s .  The resonant  c i r c u i t s  a r e  modeled 
M cn as s imp le  microwave resonant  c a v i t i e s  o f  wh ich  t h e  resonant  f requenc ies  a r e  
CJ e a s i l y  de termined.  The model i s  developed and t h e  resonant  f requenc ies  d e t e r -  
w mined f o r  seve ra l  d i f f e r e n t  t r a n s i t i o n s .  Exper imenta l  r e s u l t s  a r e  g i v e n  t o  
I 

c o n f i r m  t h e  models. 

I N T R O D U C T  I O N  

The use o f  f requenc ies  above 18 GHz f o r  government and commercial communi 
c a t i o n s  a p p l i c a t i o n s  i s  expected t o  i n c r e a s e  r a p i d l y  i n  t h e  nex t  few years .  
Low c o s t  systems i n  t h i s  f requency range w i l l  u t i l i z e  s o l i d  s t a t e  dev ices  i n  
t h e  fo rm o f  m o n o l i t h i c  microwave I n t e g r a t e d  c i r c u i t s  (MMlC's).  1-he c u r r e n t  
t r e n d  i n  s o l i d  s t a t e  microwave i n t e g r a t e d  c i r c u i t s  i s  t o  use m i c r o s t r i p  t r a n s -  
m i s s i o n  l i n e s  f o r  d e v i c e  i n t e r c o n n e c t i o n s .  However, a l l  t e s t  equipment i n  t h e  
m i l l i m e t e r  wave f requency range u t i l i z e s  r e c t a n g u l a r  waveguide. I n  a d d i t i o n ,  
r e c t a n g u l a r  waveguide w i l l  be used i n  phased a r r a y  antennas and o t h e r  systems 
i n  wh ich  t h e  s i g n a l  must t r a v e l  an a p p r e c i a b l e  d i s t a n c e  i n  a medium o t h e r  than  
f r e e  space. Therefore,  a low cos t ,  e a s l l y  f a b r i c a t e d  waveguide t o  m i c r o s t r i p  
t r a n s i t i o n  wh ich  has low l o s s  and broad bandwidth w i l l  be e s s e n t i a l  i n  t h e  t e s t  
and imp lemen ta t i on  o f  any system u t i l i z i n g  M M I C ' s .  

The a n t i p o d a l  f i n l i n e  waveguide t o  m i c r o s t r i p  t r a n s i t i o n  was f i r s t  demon- 
s t r a t e d  by J.H.C. van Heuven ( r e f .  1 ) .  Th i s  and t h e  many d e r i v a t i o n s  o f  i t  
seen i n  t h e  l i t e r a t u r e  ( r e f s .  2 t o  4 )  ( f i g .  1 )  a r e  a t t r a c t i v e  f r o m  t h e  system 
i n t e g r a t i o n  p o i n t  o f  v iew s ince  they a r e  i n  l i n e  w i t h  t h e  waveguide and can be 
e a s i l y  manufactured on inexpens ive ,  s o f t  s u b s t r a t e s  u s i n g  s tandard  p r i n t e d  c i r -  
c u i t  board techn iques .  The problem w i t h  u s i n g  t h e  a n t i p o d a l  f i n l i n e  t r a n s i -  
t i o n  has been o b t a i n i n g  broadband response f rom a s imp le  s e t  o f  des ign  r u l e s .  
l h e  d e s i g n  i s  compl ica ted  s ince  the  t r a n s i t i o n  c rea tes  a s e t  o f  resonant  modes 
wh lch  l i m i t  t h e  u s e f u l  bandwidth of  t h e  t r a n s i t i o n .  A t y p i c a l  S21 measure- 
ment o f  a t r a n s i t i o n  demonst ra t ing  t h i s  phenomenon i s  shown i n  f i g u r e  2.  

* 

The resonances a r e  a major  problem i n  t r a n s i t i o n  des ign  and may even 
exc lude  t h i s  t y p e  of t r a n s i t i o n  f r o m  b e i n g  used under c e r t a i n  c i rcumstances .  
I n  a s tandard  c o n f i g u r a t i o n ,  t h e  component under t e s t  i s  i n s e r t e d  between two 
t r a n s i t i o n s  w i t h  a s h o r t  s e c t i o n  of  m i c r o s t r i p  s e p a r a t i n g  t h e  d e v i c e  f rom t h e  
t r a n s i t i o n  t o  m in im ize  l o s s .  The resonances o f  t h e  t r a n s i t i o n  may t h e r e f o r e  
coup le  t o  t h e  d e v i c e  under t e s t  i f  t h e  bandwidth o f  t h e  d e v i c e  ove r laps  t h e  



resonant  f requenc ies .  
t i o n s  back t o  back and measuring t h e  resonance. I t  w i l l  be seen t h a t  t h e  
resonant  frequency i s  between t h e  resonant  f requenc ies  o f  each i n d i v i d u a l  t r a n -  
s i t i o n .  Therefore,  t h e  use o f  a n t i p o d a l  f i n l i n e  t r a n s i t i o n s  o f  t h e  t y p e  shown 
i n  f i g u r e  1 may be l i m i t e d  f o r  such s tandard  a p p l i c a t i o n s  as m i c r o s t r i p  t r a n s -  * 
m i s s i o n  l i n e  resonator  s t u d i e s  and f i l t e r s  where t h e  i n s e r t e d  d e v i c e  has a 
resonance o f  I t s  own. App ly ing  t r a n s i t i o n s  i n  phased a r r a y  antenna systems may 
be l i m i t e d  by t h e  assoc ia ted  phase s h i f t  a t  each resonance. I n  t h e  passband 
p o r t i o n  o f  t he  t r a n s i t i o n ,  t h e  phase s h i f t  i s  l i n e a r ,  b u t  near a resonance a 
r a p i d  phase s h i f t  occurs which i s  d i f f i c u l t  t o  p r e d i c t .  

Th is  may be observed by p l a c i n g  two d i f f e r e n t  t r a n s i -  

E x i s t i n g  des ign  r u l e s  ( r e f .  5 )  do n o t  address t h e  problem o f  placement o f  
t h e  resonant  f requenc ies .  There fore ,  t r i a l  and e r r o r  des ign  i s  s t i l l  used. 
Th is  paper presents  a new model f o r  p r e d i c t i n g  t h e  resonances which p e r m i t s  
placement o f  the resonant  f requenc ies  o u t s i d e  t h e  d e s i r e d  band d u r i n g  t h e  
des ign  process.  Th is  w i l l  e l i m i n a t e  t h e  need f o r  much o f  t h e  i t e r a t i v e  des ign  
process and t h e r e f o r e  reduce t h e  t i m e  and c o s t  i n v o l v e d  i n  imp lement ing  wave- 
gu ide  t o  m i c r o s t r i p  t r a n s i t i o n s .  

PHYSICAL D E S C R I P T I O N  OF THE RESONANCE 

The t r a n s i t i o n  shown i n  f i g u r e  l ( b )  i s  t h e  e a s i e s t  t o  d e s c r i b e  and w i l l  
t h e r e f o r e  be used t o  develop a p h y s i c a l  d e s c r i p t i o n  o f  t h e  resonances. The 
t r a n s i t i o n  has been separated i n t o  two reg ions  i n  o rde r  t o  d e s c r i b e  how the  
t r a n s i t i o n  works. RegSon I i s  a tapered a n t i p o d a l  f i n l i n e  which concen t ra tes  
and r o t a t e s  the e l e c t r i c  f i e l d s  o f  t h e  i n c i d e n t  T E l O  waveguide mode 90" 
i n t o  t h e  q u a s i - m i c r o s t r i p  mode wh ich  propagates i n  a n t i p o d a l  f i n l i n e s  w i t h  
o v e r l a p p i n g  f i n s  ( f i g .  3 s e c t i o n s  A A - D D ) .  I n  a d d i t i o n ,  r e g i o n  I t rans fo rms  
t h e  h i g h  impedance o f  t h e  T E l O  waveguide mode t o  a lower  impedance c l o s e  
t o  t h e  50 R impedance u s u a l l y  used f o r  m i c r o s t r i p  t r a n s m i s s i o n  l i n e s .  
Region I 1  makes t h e  t r a n s i t i o n  f rom a n t i p o d a l  f i n l i n e  t o  m i c r o s t r i p  ( f i g .  3 
s e c t i o n s  EE-HH). The resonances a r e  c r e a t e d  i n  r e g i o n  I 1  as w i l l  be shown. 

To develop t h e  p h y s i c a l  p i c t u r e  o f  t h e  e lec t romagne t i c  f i e l d s  assoc ia ted  
w i t h  t h e  resonances which w i l l  be used t o  d e r i v e  t h e  model, cons ide r  t h e  t r a n -  
s i t i o n  t o  look  l i k e  an r p l a n e  f i l t e r  t o  a p ropaga t ing  T E l O  mode s i g n a l  
i n  r e c t a n g u l a r  waveguide. I f  a s o l i d  me ta l  sheet  i s - i n s e r t e d  i n t o  a waveguide 
i n  t h e  c e n t e r  o f  t h e  fi p lane  and p a r a l l e l  t o  t h e  t p l a n e  o f  t h e  waveguide, 
t h e  T E l O  waveguide mode i s  c u t o f f  and evanescent modes a r e  c rea ted .  F igu res  
4 ( a )  and 4 ( b )  show t h e  two lowes t -o rde r  evanescent modes i n  t h e  b i s e c t e d  wave- 

gu ide  reg ion ,  l abe led  t h e  TEIO and TEZ0 modes ( r e f .  6 ) .  I n d u c t i v e  energy 

i s  s t o r e d  i n  the evanescent modes. I f  a s l o t  i s  p laced  i n  t h e  b i s e c t i n g  - meta l  
sheet ,  e l e c t r i c  f i e l d s  w i l l  be c rea ted  i n  t h e  s l o t  p a r a l l e l  t o  t h e  E p lane  
o f  t h e  waveguide. When t h e  c a p a c i t i v e  energy c r e a t e d  by t h e  s l o t  equa ls  t h e  
i n d u c t i v e  energy s t o r e d  i n  t h e  evanescent modes, a resonance w i l l  occur .  
F i g u r e  4 ( c )  shows t h e  e l e c t r i c  and magnet ic  f i e l d s  wh ich  a r e  c r e a t e d  when a 
s l o t  i s  added t o  t h e  b i s e c t i n g  meta l  sheet .  The waveguide t o  f i n l i n e  i n t e r -  
f ace  and t h e  f i n l i n e  d i s c o n t i n u i t i e s  c r e a t e  a s i m i l a r  s e t  o f  evanescent modes. 
l h e  i n d u c t i v e  energy s to red  i n  t h e  evanescent modes i s  one component o f  t h e  
l o s s  I n  p ropagat ing  power assoc ia ted  w i t h  t h e  t r a n s i t i o n s .  Region I 1  appears 
t o  t h e  evanescent modes as a s l o t  i n  a b i s e c t i n g  meta l  sheet  and a source o f  

e e 
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c a p a c i t i v e  energy. l h e r e f o r e ,  r e g i o n  I 1  i s  t h e  source o f  t h e  resonances which 
p laque t h e  t r a n s i t i o n .  

MODEL DEVELOPMENT 

A n a l y t i c a l  methods t o  o b t a i n  t h e  resonant f requenc ies  u s i n g  t h e  above 
d e s c r i p t i o n  would be d i f f i c u l t  t o  implement f o r  a compl ica ted  s t r u c t u r e  such 
as t h e  t r a n s i t i o n .  There fore ,  a model based on t h e  e lec t romagne t i c  f i e l d  
diagrams d e r i v e d  i n  f i g u r e  4 and exper imen ta l l y  d e r i v e d  parameters i s  d e v e l -  
oped. I n  t h e  tapered a n t i p o d a l  f i n l i n e  r e g i o n ,  a quas i  T E i O  mode propa-  
ga tes .  I n  r e g i o n  I 1  and t h e  m i c r o s t r i p ,  a quas i  TEM mode propagates.  The 
evanescent modes decay r a p i d l y  and t h e r e f o r e  do n o t  propagate.  There fore ,  t h e  
quas i  TEM and t h e  T E l O  modes must propagate i ndependen t l y  o f  t h e  evanes- 
cen t  modes f o r  a l l  f r equenc ies  except  those near  t h e  resonant  f requency,  f r ,  
o f  r e g i o n  11. Near f r ,  t h e  propagat ing  wave couples energy t o  t h e  resona to r  
i n  t h e  same manner as any t ransmiss ion  l i n e  would coup le  energy t o  a r e a c t i v e  
resonant  c a v i t y  p laced w i t h i n  t h e  e lec t romagnet ic  f i e l d s  o f  t h e  p ropaga t ing  
wave. There fore ,  i f  t h e  resonant  frequency cou ld  be modeled by a c a v i t y  reso -  
n a t o r  o f  a fo rm r e l a t e d  t o  t h e  shape o f  r e g i o n  11, an e q u i v a l e n t  c i r c u i t  model 
cou ld  be used such as i n  f i g u r e  5 .  Each RLC c i r c u i t  rep resen ts  a mode o f  an 
e q u i v a l e n t  resonant  c a v i t y .  Assuming the Q o f  each resona to r  i s  l a r g e  and 
t h e  resonant  modes a r e  n o t  c l o s e  together ,  t hen  each resonant  mode can be con- 
s ide red  t o  be decoupled and placement o f  t h e  resonant  f requenc ies  may be made 
by a s imp le  a l t e r a t i o n  t o  r e g i o n  11. 

The c h o i c e  o f  t h e  resonant  c a v i t y  t o  model r e g i o n  I 1  must be dependant on 
t h e  e l e c t r i c  and magnet ic  f i e l d s  o f  reg ion  11. The p r i m a r y  mode i n  r e g i o n  I 1  
i s  a LSE mode. The e l e c t r i c  f i e l d s  a re  concen t ra ted  i n  t h e  s l o t ,  o r  r e g i o n  
11, i n  t h e  p lane  o f  t h e  waveguide. Ou ts ide  o f  t h e  c e n t e r  o f  t h e  Ti p lane,  
t h e  e l e c t r i c  f i e l d s  decay t o  zero a t  t h e  waveguide w a l l s ,  X = ?b/2 o f  
f i g u r e  4 ( d ) .  The magnet ic  f i e l d  l i n e s  must e n c i r c l e  t h e  e l e c t r i c  f i e l d  l i n e s  
and a r e  c o n s t r a i n e d  by t h e  waveguide w a l l s  and t h e  meta l  sheet  wh ich  forms 
r e g i o n  11. 

. 

The shape o f  r e g i o n  I 1  and t h e  LSE mode f i e l d s  i n  t h e  r e g i o n  suggest a 
c y l i n d r j c a l  waveguide c a v i t y  w i t h  a b i s e c t i n g  meta l  sheet  i n  t h e  E p lane .  
Resonant modes o f  t h e  f o r m  T E n l l ,  n ?.l, have f i e l d s  which a r e  s i m i l a r  t o  
those o f  r e g i o n  11. I n  a d d i t i o n ,  u n l i k e  an e l i p t i c a l  waveguide resonant  c a v i t y  
which would more c l o s e l y  d e s c r i b e  reg ion  11, t h e  resonant  f requenc ies  o f  c y l i n -  
d r i c a l  c a v i t i e s  a r e  e a s i l y  ob ta ined.  There fore ,  a c y l i n d r i c a l  c a v i t y  f i l l e d  
w i t h  a m a t e r i a l  o f  some & e f f  hav ing  a r a d i u s  o f  x/2 and a l e n g t h  b i s  
proposed t o  model r e g i o n  I 1  (see  f i g .  6 ( a ) ) .  

The resonant  f requenc ies  a r e  dependent on t h e  a v a i l a b l e  c a v i t y  volume so 
an e f f e c t i v e  p e r m i t t i v i t y  i s  in t roduced t o  make t h e  resonant  f requency  o f  t h e  
c y l i n d r i c a l  c a v i t y  c o i n c i d e  w i t h  t h e  exper imenta l  va lues .  The proposed model 
i s  s imp le  and i t s  use fu lness  i s  dependant on whether o r  n o t  a s i n g l e  va lue  o f  
C e f f  can be found such t h a t  va r ious  resonant  f requenc ies  can be a c c u r a t e l y  
p r e d i c t e d .  I t  w i l l  be shown t h a t  t h l s  i s  t he  case f o r  many t r a n s i t i o n s  t h a t  
have been s t u d i e d  e x p e r i m e n t a l l y .  I t  was found t h a t  teff i s  dependant on 
t h e  l e n g t h  parameter x b u t  was e s s e n t i a l l y  independent o f  f requency .  Thus, 
f o r  a g i v e n  t r a n s i t i o n ,  t h e  va r ious  resonant f requenc ies  can be p r e d i c t e d  accu- 
r a t e l y  f r o m  t h e  model. 
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The resonant f requenc ies  a r e  d e r i v e d  by s e t t i n g  t h e  p ropaga t ion  cons tan t  
f o r  c y l i n d r i c a l  waveguide equal  t o  n /b  where b i s  t h e  l e n g t h  o f  t h e  wave- 
gu ide  c a v i t y .  The r e s u l t i n g  equa t ion  f o r  t h e  resonant  f requenc ies  i s :  

= - C [(!LC2+ (;)j ll2 

fnll 2 T T m  

where 

x/2 i s  t h e  rad ius  o f  t h e  c y l i n d e r  
Pn1 a r e  r o o t s  o f  t h e  equa t ion  d J n ( k c r ) / d r  = 0, 

t e f f  i s  some frequency dependant e f f e c t i v e  d i e l e c t r i c  cons tan t  ( r e f .  7 ) .  The 
s o l u t i o n  f o r  E e f f  would p e r m i t  t h e  d e t e r m i n a t i o n  o f  t h e  resonant  f requency.  
U n f o r t u n a t e l y ,  a t h e o r e t i c a l  de ie f -mina t ion  o f  Eef f  i s  d i f f i c u l t .  There fore ,  
an e x p e r i m e n t a l l y  d e r i v e d  Eeff w i l l  be found. 

r = x/2,  and Kc = c u t  o f f  wave number o f  t h e  wave gu ide  

EXPERIMENTAL RESULTS 

T r a n s i t i o n s  were f a b r i c a t e d  f o r  v a r i o u s  l e n g t h s  o f  r e g i o n  11, x .  I n  
genera l ,  t h e  t o t a l  l e n g t h  o f  t h e  t r a n s i t i o n ,  L = l e n g t h  o f  r e g i o n  I p l u s  x ,  
was kep t  cons tan t .  The t r a n s i t i o n  l e n g t h ,  L, was equal  t o  hg ( f  = 32 GHz) 
o f  t h e  T E l o  r e c t a n g u l a r  waveguide mode f o r  Ka band t r a n s i t i o n s .  The t r a n -  
s i t i o n s  were f a b r i c a t e d  on 10 m i l ,  c r  = 2 - 7 2  Duro id  and 10  m i l ,  t r  = 2.17 
Cu Clad subs t ra tes .  A l l  t e s t i n g  was done f o r  two back - to -back  t r a n s i t i o n s  
i n t e r c o n n e c t e d  by 3.80 cm o f  50 R m i c r o s t r i p .  The t r a n s i t i o n s  were mounted 
f o r  t e s t i n g  i n  a t e s t  f i x t u r e  shown i n  f i g u r e  7 which when clamped t o g e t h e r  
s u p p l i e d  s u f f i c i e n t  c o n t a c t  between t h e  meta l  f i n l i n e s  and t h e  waveguide w a l l s .  
Measurements were taken on a m o d i f i e d  H e w l e t t  Packard 8409 au tomat i c  network 
ana lyze r .  

The measured resonant  f requenc ies ,  f r ,  a r e  p l o t t e d  versus x f o r  two 
d i f f e r e n t  shaped r e g i o n  I 1  i n  f i g u r e  8. I n  a d d i t i o n ,  t r a n s i t i o n s  were made 
w i t h  s t r a i g h t  f i n l i n e  tape rs  and/or t r i a n g u l a r  shaped r e g i o n  11. I t  was found 
t h a t  t h e  f i n l i n e  tape r  made o n l y  smal l  d i f f e r e n c e s  i n  t h e  resonant  f requency .  
A lso,  as can be seen i n  f i g u r e  8, t h e  exac t  c u r v a t u r e  o f  r e g i o n  I 1  d i d  n o t  s i g -  
n i f i c a n t l y  a l t e r  t h e  resonant  f requency .  The domina t ing  d e t e r m i n a t i o n  o f  f r  
i s  t h e  l e n g t h  x.  Th is  p e r m i t s  t h e  developed curves t o  be used f o r  a broad 
range o f  a n t i p o d a l  f i n l i n e s  w i t h o u t  an exac t  knowledge of t h e  c u r v a t u r e  o f  
r e g i o n  11. teff 
as a f u n c t i o n  of  x and f requency  were ob ta ined  and a r e  p l o t t e d  i n  f i g u r e  9. 

Using equa t ion  ( 1 )  and t h e  r e s u l t s  f rom f i g u r e  8 va lues  o f  

MODEL D E R I V A T I O N  FOR OTHER TRANSITIONS 

The curves drawn i n  f i g u r e  8 may be ob ta ined  u s i n g  o n l y  a few w e l l  p laced 
da ta  p o i n t s .  This a l l o w s  a q u i c k  d e t e r m i n d t i o n  o f  t h e  resonant  f requency  f o r  
a r e g i o n  I 1  o f  any l e n g t h ,  X .  This  approach was f o l l o w e d  f o r  a d e t e r m i n a t i o n  
o f  t h e  resonant  f requency f o r  K band t r a n s i t i o n s  ( f i g .  1 0 ) .  A l l  d imensions 
were d i r e c t l y  scaled f r o m  Ka band t r a n s i t i o n s .  
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The van Heuven t r a n s i t i o n  may be desc r ibed  by t h e  e q u i v a l e n t  c i r c u i t  
model i n  f i g u r e  5.  A major  comp l i ca t i on  though i s  t h a t  t h e  RLC c i r c u i t s  must 
d e s c r i b e  two resonant  c a v i t i e s  and a l l  o f  t h e i r  resonant  modes. I n  a d d i t i o n ,  
t h e  resonant  modes o f  t h e  two c a v i t i e s  a r e  now c l o s e l y  coupled.  There fo re  t h e  
p o s i t i o n i n g  o f  t h e  resonant  f requencies by an independent  change o f  e i t h e r  
x l ,  o r  x2 becomes imposs ib le  w i t h o u t  an a c c u r a t e  model o f  t h e  c o u p l i n g  
coe f -  f i c i e n t s .  E m p i r i c a l l y  d e r i v e d  curves such as those  i n  f i g u r e s  8 and 10 
may be developed. When t h i s  was done, i t  was n o t i c e d  t h a t  t h e  bandwidth o f  
t h e  t r a n -  s i t i o n  was l e s s  than  t h a t  f o r  t h e  t r a n s i t i o n  i n  f i g u r e s  l ( b )  and ( c ) .  

T r a n s i t i o n s  w i t h  a s e m i c i r c u l a r  metal f i n  added t o  r e g i o n  I 1  on t h e  m ic ro -  
s t r i p  s i d e  o f  t h e  t r a n s i t i o n  ( f i g .  l ( c ) )  may be modeled as a s l o t  l i n e  resona- 
t o r .  An advantage 
o f  t h i s  t y p e  o f  t r a n s l t i o n  i s  t h e  accuracy t o  wh ich  t h e  resonant  f requenc ies  
may be p r e d i c t e d .  The gu ide  wavelength o f  a s t r a i g h t  s l o t  l i n e  may be accu- 
r a t e l y  determined by such methods as the s p e c t r a l  domain method ( r e f .  8 )  and 
Cohn's method ( r e f .  9 ) .  I t  has been shown by Kawano ( r e f .  10)  t h a t  t h e  curva-  
t u r e  o f  a s l o t  l i n e  does n o t  a l t e r  the  resonant  f requenc ies  o f  a s l o t  l i n e  
r e s o n a t o r .  Simons ( r e f .  11) has shown t h a t  t h e  placement o f  a s l o t  l i n e  i n  
r e c t a n g u l a r  waveguide has n e g l i g i b l e  e f f e c t  on hg/ho. There fore ,  t h e  resonant  
f requenc ies  may be modeled by a s t r a i g h t  s l o t  l i n e  resona to r  o f  l e n g t h  and 
w i d t h  equal  t o  those  o f  t h e  s l o t  i n  reg ion  I 1  l o c a t e d  i n  t h e  c e n t e r  o f  a rec -  
t a n g u l a r  waveguide. The gu ide  wavelength o f  s l o t s  f a b r i c a t e d  on c r  = 2.22,  
10 m i l  s u b s t r a t e s  has been determined by Simons ( r e f .  11) u s i n g  Cohn's tech -  
n ique  f o r  va r ious  s l o t  w i d t h s  and f requenc ies  I n  Ka band T E l O  mode r e c t a n -  
g u l a r  waveguide. Th is  da ta  was used t o  de te rm ine  t h e  resonant  f requenc ies  
( s l o t  l e n g t h  L = nXg/2). The resonant  f requenc ies  a r e  p l o t t e d  i n  f i g u r e  11. 
T r a n s i t i o n s  were made w i t h  s l o t  w id ths  o f  0.0254 cm and t e s t e d .  There was 
good agreement t o  t h e  p r e d i c t e d  values. Kawano ( r e f .  10)  has shown t h a t  t h e  
resonant  f requency inc reases  as t h e  s l o t  w i d t h  i nc reases .  There fore ,  t h e r e  
a r e  t w o  parameters which may be v a r i e d  t o  change f r .  

The e l e c t r i c  and magnet ic  f i e l d s  a r e  shown i n  f i g u r e  6 ( b ) .  

CONCLUSIONS 

A p h y s i c a l  d e s c r i p t i o n  o f  t h e  resonant f requency  modes o f  a n t i p o d a l  f i n -  
l i n e  waveguide t o  m i c r o s t r i p  t r a n s i t i o n s  has been presented .  A new model has 
been developed which p e r m i t s  t h e  p r e d i c t i o n  o f  t h e  resonant  f requenc ies .  
Measurements have been per formed t o  v e r i f y  t h e  models. The models a r e  s c a l a b l e  
t o  o t h e r  f requency bands. The model f o r  t h e  t r a n s i t i o n  shown i n  f i g u r e  l ( c )  
i s  e s p e c i a l l y  a t t r a c t i v e  s ince  t h e o r e t i c a l  va lues  f o r  a l l  t h e  necessary param- 
e t e r s  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  The use o f  these models should reduce 
t h e  t i m e  and c o s t  i n v o l v e d  i n  des ign ing  waveguide t o  m i c r o s t r i p  t r a n s i t i o n s  o f  
a d e s i r e d  c h a r a c t e r i s t i c .  
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(A)  WAVEGUIDE TO MICROSTRIP TRANSITION PROPOSED BY 
VAN HEUVEN. (REF 1 ) .  

I MI REGION I- REGION I I ~  

(B) S I M P L I F I E D  VAN HEUVEN TRANSIT ION.  

(C)  S I M P L I F I E D  VAN HEUVEN TRANSITION WITH SEMICIRCULAR 
METAL F I N .  

50 il 
MICROSTRIP 

FIGURE 1.- TYPES OF ANTIPODAL F INL INE WAVEGUIDE TO MICRO- 
STRIP  TRANSITIONS. 
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FIGURE 3.- ELECTRIC FIELDS AT VARIOUS CROSS SECTIONS ALONG THE TRANSITION FROM CONVENTIONAL RECTANGULAR WAVEGUIDE TO A 50 
MICROSTRIP AS SHOWN IN FIGURE fB. 
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- A 

L B I S E C T I N G  
METAL SHEEl 

I 

( A )  T E l l l  MODE OF AN EOUIVALENT CYLINDRICAL WAVEGUIDE CAVITY,  HOMO- 

GENEOUSLY F I L L E D  WITH SOME MATERIAL OF 'eft. 

' I  
'\ I ii 

METAL 

(B) FIRST ORDER. RESONANT MODE OF AN EOUIVALENT SLOT RESONATOR. 
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FIGURES 1B AND 1 C .  



FIGURE 7. - 26.5 - 40 GHZ WAVEGUIDE TO MICROSTRIP TRANSITION IN TEST FIXTURE. 
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